We investigated reproductive characteristics of brown bears (Ursus arctos yesoensis) in the Oshima Peninsula, Hokkaido, Japan, based on the study of individuals harvested from 1983 to 1987. Analyses were based on age-class and reproductive status data determined for 196 females killed during the study period. The minimum age at 1st parturition was 4 years, but frequency of reproductive success among females Ͻ6 years old was notably lower than that among females Ն6 years of age. Females Ͻ6 years old were more apt to produce single offspring and lose them during the 1st year. There appeared to be few changes in frequency of reproducing cubs among females 6-20 years of age. Females typically separated from young when young were 15-27 months old. For mature adult females, mean litter size was 1.8, and interval between births was 2.3-3.0 years. Embryo loss and neonatal mortality were uncommon.
Knowledge of reproductive characteristics of a population is essential for estimating rate of increase and sustainable harvest levels. Age at 1st parturition, litter size, interval between births, sex ratio, and survival of litters are important demographic parameters, which determine the reproductive characteristics of bear populations. Bear populations are characterized by low rates of increase (Bunnell and Tait 1981) . Age of sexual maturity, litter size, and interval between births can be influenced by food supply and other environmental factors (Bunnell and Tait 1981) . Characteristics of social structure, such as population density of males, may influence cub survival as well as birth interval (McLellan 1994) . All these factors make population management of brown bears particularly challenging.
The brown bear population of Hokkaido is at the southern limit of the species and * Correspondent: mano@hokkaido-ies.go.jp occurs in cold temperate deciduous forests and mixed forests. Brown bears in Hokkaido are primarily vegetarians, eating succulent herbs in spring and summer and fruit and nuts in autumn (Aoi 1985; Ohdachi and Aoi 1987) .
Habitat of brown bears in Hokkaido has been fragmented by intensive land development (Hokkaido Institute of Environmental Sciences 1994; Kaji 1982) , and the status of the populations differs locally (Mano 1998a (Mano , 1998b . Kaji (1992) noted general harvest structure of brown bears in Hokkaido using harvest statistics, and Tsubota et al. (1989 Tsubota et al. ( , 1991 described general reproductive characteristics of brown bears in Hokkaido, including age at physiological maturity, number of ovulations and conceptions, and litter size. Regional differences in habitat and other ecological factors, however, necessitate more detailed studies of reproductive characteristics for reliable population management.
There have been few long-term observations or radio tracking studies of productive female bears similar to those in North America (Craighead et al. 1976; Pearson 1975) because of the thick understory and mountainous terrain of Hokkaido. Conversely, the harvest of bears during damage-control hunts during spring from 1966 through 1989 (Mano 1995 (Mano , 1998b provides a large number of samples for study. Furthermore, observations of family groups of bears were relatively easy during spring hunts, allowing for some confirmation of reproductive status. In this paper, we describe reproductive characteristics of a brown bear population living in the cold temperate deciduous-forest habitat in the Oshima Peninsula, based on individuals harvested from 1983 to 1987.
MATERIALS AND METHODS
The Oshima Peninsula is located in the southwestern part of Hokkaido, Japan's northernmost island. Forested brown bear habitat comprises about 5,600 km 2 or 70% of the peninsula. The Kuromatsunai Depression, a low-elevation area at the base of the peninsula, is the northernmost boundary of the study area. The brown bear population in this area has been almost completely isolated from that in the northeast (Hokkaido Government 1986; Hokkaido Institute of Environmental Sciences 1994).
Elevation varies from sea level to 1,520 m, and the area is characterized by steep mountain ranges. The temperate, marine climate has a mean annual temperature of 8ЊC and average annual precipitation of 120 cm. Snow covers much of the area from mid-December to early April at lower elevations and to mid-May at higher elevations. Most of the bear habitat is covered by cold temperate deciduous forests characterized by beech (Fagus crenata), similar to that of northern Honshu island. Farmland occurs on 18% of the study area and is generally located along the coast and plains.
The Hokkaido government allowed hunting of brown bears during spring from 1966 through 1989 in an attempt to reduce bear numbers and accompanying agriculture damage. In early spring, when snow remained on the ground, hunters went deep into the forested mountain ranges and either hunted bears still in the den or tracked them over snow after emergence (Mano 1995) .
We interviewed hunters regarding hunting success and observations in the field and collected information on the sex and reproductive status of harvested bears (Mano 1987 (Mano , 1995 . From the interviews, we determined number and age of offspring accompanying females. Such identifications included cases in which the entire family was killed; the mother and part of the litter were killed; all or part of the litter, but not the mother, were killed; and only the mother was killed, but the hunter observed the entire family.
Ages of harvested bears were determined by analysis of cementum annuli in canine teeth (Yoneda 1976) . We also collected ovaries and uteri from female bears and examined the number of corpora albicantia and placental scars (Tsubota et al. 1989) .
We classified the females as solitary when there was no clear evidence of the presence of young. We also classified the duration of spring season as February-May and that of the other seasons (summer, autumn, and winter) as JuneJanuary. We assumed that the date of birth for all cubs was 1 February. We used the G-test and Fisher's exact probability test in the analysis of harvest structure.
RESULTS
Reproductive status of females.-A total of 196 female bears (147 solitary, 24 with cubs of the year, 19 with yearlings, and 6 with 2-year-olds) were harvested during the study period. Ninety-nine females (68 solitary, 9 with cubs of the year, 16 with yearlings, and 6 with 2-year-olds) were killed during the spring season (Table 1) . During the other seasons, 97 females (79 solitary, 16 with cubs of the years, and 2 with yearlings) were harvested ( Table 2) .
No females Ͻ4 years of age were accompanied by offspring (Tables 1 and 2 ). One 4-year-old female was killed with a single cub of the year in Assabu Town on 6 May 1986. This bear was the only female with a cub of the year among the twelve 4-yearold females taken in the spring season of the study. Two of six 5-year-old females killed during spring were accompanied by cubs of the year; 4 were alone. Seven females 4 or 5 years of age were killed during the other seasons; 1 of these females was accompanied by a single cub. Eight-yearold females were the youngest with yearling cubs, and 11-year-old females were the youngest taken with 2-year-olds (Tables 1  and 2 ). The oldest mother taken was a 22-yearold female with one 2-year-old cub, killed on 21 April 1984 in Oshamambe Town. This was also the latest instance of an adult female accompanied by her cub after parturition.
All 23 yearlings killed during the spring seasons were with adult females. Of the thirty 2-year-old bears killed during the spring seasons, 9 were with older females, and 21 were solitary.
Analysis of female sexual organs.-We examined ovaries and uteri from 18 females harvested during spring and 9 uteri from bears taken during the other seasons. Ages were determined for all but 1 of the 27 females (Tables 3 and 4 ). In the case of females killed during spring, we found evidence of ovulation or implantation for all females Ն4 years of age, except in one case (bear 4; Table 3 ). Furthermore, although there was no apparent evidence of recent birth in sexual organs, bear 4 was killed with a single cub of the year, a sign that she had reproduced successfully. Among 7 solitary females, we found no placental scars in 4 individuals, 1 new placental scar in 1, and 2 new placental scars in 2 (Table 3) . Among 5 females with cubs of the year, we found new placental scars equal in number to the number of accompanying cubs in 3 individuals and no In solitary females taken during the other seasons, we found no placental scars in 5 females 4 years of age and younger and in one 13-year-old female, but we found 2 scars in one 23-year-old female (Table 4 ). There were 3 new placental scars in a 13-year-old female with a single cub of the year.
Mother's age and number of young.-We identified the number of young accompanying females for 56 pairs during the study period. The mean number of cubs of the year accompanying their mothers in spring was 1.6 Ϯ 0.5 SD (n ϭ 13; Table 5 ). Accounting for the age classes of mothers, the mean was 1.0 (n ϭ 3) for mothers aged 4-6 years and 1.6 Ϯ 0.5 for mothers Ն7 years of age, but these differences were not statistically significant (Fisher's exact probability test, P ϭ 0.20). The mean number of cubs of the year taken in the other seasons was 1.5 Ϯ 0.6 (n ϭ 19). The mean for mothers aged 4-6 years was 1.00 (n ϭ 4), and for mothers Ն7 years of age it was 1.6 Ϯ 0.7 (n ϭ 11), but again differences among age classes were not significant (P ϭ 0.10; Table 5 ).
For yearlings taken during spring, the mean number for all pairs was 1.9 Ϯ 0.5 (n ϭ 17). All mothers whose age class was determined were Ն7 years of age, and the mean was 1.8 Ϯ 0.6 (n ϭ 13; Table 5 ). No females Յ6 years of age had yearlings or 2-year-olds during the study period.
All 7 females with 2-year-old young in the spring were Ն10 years of age, making the age at the parturition of their subsequent offspring Ն8 years. The mean number of young was 1.6 Ϯ 0.5 (Table 5) .
The mean number of young did not differ between spring cubs (1.6, n ϭ 13) and cubs of other seasons (1.5, n ϭ 19, Fisher's exact test, P ϭ 0.49; Table 5 ). The average number of spring yearlings (1.9, n ϭ 17) was higher than the average number of summer and autumn cubs of the year (1.5, n ϭ 19, P Ͻ 0.05; Table 5 ). There was no statistically significant difference between the number of spring yearlings (1.9, n ϭ 17) and 2-year-olds (1.6, n ϭ 7, P ϭ 0.31).
DISCUSSION
Female age at parturition.-We found evidence of ovulation or implantation of all but 1 female Ն4 years of age, including solitary bears (Table 3) . Despite the lack of physiological evidence, bear no. 4 apparently reproduced successfully because she was killed with 1 cub of the year. Tsubota et al. (1991) examined 54 ovaries of brown bears killed in Hokkaido and noted that the ovulation rate was 36% (n ϭ 8) for females Յ3 years of age and 100% (n ϭ 32) for females Ն4 years of age. Solitary females killed during spring may have been capable of conception in the previous year but did not conceive or lost the embryo before being harvested.
The age distribution of females taken in spring declined rapidly between 4 and 10 years of age and then increased again, with a peak at 12-13 years, before declining again (Fig. 1) . The higher frequency of parturition by females 6-10 years of age may contribute to lower vulnerability to harvest and thus could explain the low harvest numbers from the 5-to 10-year classes. In age classes Ն11 years, solitary females comprised 18% of the total harvest, and there were no significant changes in this composition as age increased ( Hokkaido, in 1983 Hokkaido, in -1987 . Four age-unknown individuals were excluded.
Females with cubs of the year emerge from their dens latest and consequently are less vulnerable in the spring hunt than are solitary females or females with yearlings (Mano 1995) . Thus, the higher incidence of cub-producing females in these age classes may influence their vulnerability to hunting relative to other age classes.
For brown bears on the Oshima Peninsula, the minimum age at 1st parturition is likely 4 years in physiological terms, but the frequency of successful weaning and raising among females Ͻ6 years of age is lower than that of females Ն6 years of age. In addition, there appear to be few changes in the probabilities of female reproductive success at ages Ն6 years.
Embryo losses and neonatal mortality.-It is possible to estimate the survival rate of embryos from the date of implantation to parturition by comparing the number of placental scars and cubs accompanying females. But because there are differences in degeneration of placental scars among individuals (Hensel et al. 1969; Tsubota et al. 1989) , this approach should be used cautiously. Assuming no degeneration of scars from implantation to the 1st spring, we examined only females accompanied by cubs of the year. Among 6 females accompanied by cubs of the year killed during spring seasons, only one 4-year-old solitary female (bear 3) differed in number of placental scars and number of cubs. This is likely a result of reproductive failure that occurred in a young adult female between time of implantation and harvest in April. For the other 5 females, there was no difference between number of new placental scars and number of accompanying cubs (Table 3) . Although our sample size was small, and placental-scar degeneration may bias results, these findings suggest that embryo loss and neonatal mortality were not common in brown bears in Hokkaido.
Age-specific litter size and cub survival.-Understanding survivorship of cubs from birth through separation from their mothers is essential for demographic analysis of bear populations. Estimates based on the observed number of young with mother bears require careful analysis (Bunnell and Tait 1985) . In our study the mean number of dependent young changed little from the 1st spring to the other season (P ϭ 0.49), but it increased slightly from the 1st other season to the following spring (P Ͻ 0.05). An increase in mean number of cubs of the year to yearling age classes was also observed in grizzly bears (Ursus arctos) of Glacier National Park in North America (Martinka 1974) . This phenomenon may be the result of a higher loss of single litters during the 1st year. In our study, all mother bears Յ6 years of age had single litters, and we observed no females Ͻ7 years of age with yearlings. These results suggest that females Յ6 years of age are more apt to produce single offspring and lose them during the 1st year. In North American grizzly bears, young females produce smaller litters than do mature females (Craighead et al. 1995) . Because almost all captive brown bear females in Hokkaido fail to nurse their 1st litters, experience of the mother likely influences nursing success and consequently cub survival (N. Maeda, pers. comm.). In the wild as well, inexperience of young females may contribute to low cub survival.
Smaller litter size could lead to more parental investment for individual cubs and higher survival rates. For grizzly bears in the Greater Yellowstone Ecosystem, how-ever, large females in better nutritional condition were apt to produce larger litters and have higher cub survival (Craighead et al. 1995) . Tait (1980) proposed that a female grizzly bear might increase her expected reproductive value by abandoning single cubs in some circumstances, assuming she had successful estrus and reproduction after abandonment. If such abandonment of single cubs occurs among wild female brown bears in Hokkaido, it should take place before the breeding season of the next year. The breeding season for wild brown bears in Hokkaido occurs between late April and early July (Tsubota et al. 1985) , and a female can enter estrus again in June if her cubs are removed in late April (Sumiyoshi 1973) . We, therefore, compared the average number of cubs of the year killed before 30 April (before the breeding season) with those killed after 1 May (after the breeding season). There was no difference between mean litter sizes for cubs killed before the breeding season (1.6 Ϯ 0.5, n ϭ 13) and those killed after the breeding season (1.5 Ϯ 0.5, n ϭ 19). It appears that the mortality of individual cubs does not usually occur before the breeding season, and Tait's (1980) hypothesis could not be supported.
Family breakup and birth interval.-The timing of separation of cubs from their mothers and the interbirth interval are closely related parameters. The maximum age of young bears killed with their mother was 2 years and 3 months in early May. Solitary yearlings were killed after July. There was no record of the killing of a mother and young Ͼ2 years of age, as has been reported in North America (McLellan 1994; Stringham 1990) . Considering the value of separation from cubs before the breeding season, such separation should occur when cubs are 15-27 months old.
The interbirth interval could be 2 or 3 years depending on individual circumstances. Instances in which 2-year-old young were killed with their mothers during the spring season represent a minimum 3-year interbirth interval. Two-year-old bears taken alone may have been the offspring of females with 2-year interbirth intervals, or they may have been orphaned early from a female with a 3-year interbirth interval. Assuming that there are no differences in vulnerability to hunting or mortality related to interbirth interval and no orphaned 2-yearold individuals, the ratio of 2-year-old bears taken alone to those taken with their mothers should be equal to the ratio of females with 2-year interbirth intervals to females with 3-year intervals.
Two-year-olds harvested alone in spring comprised 70% (n ϭ 21) of the total, whereas those harvested with their mother comprised 30% (n ϭ 9). Consequently, the ratio of 2-year to 3-year interbirth intervals for females becomes 70:30, and the mean interbirth interval would be 2.3 years. But the true interbirth interval is likely longer given that solitary adult females were also taken during the spring season and the possibility of orphaned 2-year-old individuals.
Understanding the harvest structure of the other seasons may contribute to a more rigorous estimate of interbirth interval. Although females with cubs of the year typically are cautious (Craighead et al. 1995) and less vulnerable to hunting, they still comprised 33% (n ϭ 10) of the total harvest of adult females during the other seasons in our study (Table 2) . Moreover, considering litter loss among productive females by June, which is the beginning of the other seasons, the percentage of cub-producing females in the adult segment of the population would be more than 33%, and mean interbirth interval would be less than the reciprocal number of this percentage, 3 years.
Ultimately, determining real mean interbirth intervals for a brown bear population should be approached cautiously (Schwartz et al., in press ), considering annual fluctuations in pregnancy rate and small sample sizes. Long-term continuous observation of individuals using radio-tracking techniques would provide more rigorous estimates of reproductive history.
Characteristics of reproductive traits.-Brown bears on the Oshima Peninsula begin cub production at ages of 4 or 5 years. Litters in these age classes are small (generally 1), and survival to age of 1 year appears quite low. Older females Ͼ6 years of age produce on average 1.8 Ϯ 0.4 cubs per litter, with an interbirth interval ranging between 2.3 and 3.0 years.
Compared with the reproductive parameters for brown bears in North America (McLellan 1994:21) , and Europe (Palomero et al. 1997) , brown bears of the Oshima Peninsula on average produce cubs at a younger age and have smaller litters and a shorter interbirth interval.
Nutritional conditions influence reproductive success and litter size of bears (Bunnell and Tait 1981) . Body weight of adult females correlates positively with litter size (Hilderbrand et al. 1999; McLellan 1994; Stringham 1990 ). The spring body weight of females with cubs in the Oshima Peninsula ranged from 50 to Ͼ100 kg (T. Mano, in litt.). With a mean litter size of 1.8, the correlation of body weight to litter size fits well with the model of McLellan (1994:22) . Given the importance of beech mast as brown bear food in the Oshima Peninsula, careful management of the forests is necessary to ensure the long-term productivity of the brown bear population.
